High-temperature superconductivity in iron-arsenic materials (pnictides) near an antiferromagnetic phase raises the possibility of spin-fluctuation-mediated pairing. However, the interplay between antiferromagnetic fluctuations and superconductivity remains unclear in the underdoped regime, which is closer to the antiferromagnetic phase. Here we report that the superconducting gap of the underdoped pnictides scales linearly with the transition temperature, and that a distinct pseudogap coexisting with the SC gap develops on underdoping. This pseudogap occurs on Fermi surface sheets connected by the antiferromagnetic wavevector, where the superconducting pairing is stronger as well, suggesting that antiferromagnetic fluctuations drive both the pseudogap and superconductivity. Interestingly, we found that the pseudogap and the spectral lineshape vary with the Fermi surface quasi-nesting conditions in a fashion that shares similarities with the nodal-antinodal dichotomous behaviour observed in underdoped copper oxide superconductors.
Introduction
The newly discovered iron arsenic (pnictide) superconductors [1] [2] [3] [4] have joined the copper oxide (cuprate) superconductors in the category of high-temperature superconductors (HTCSs). Superconductors are characterized by the size and the symmetry of the superconducting (SC) gap that forms below a critical temperature T c . In optimally hole-doped cuprates, the SC gap function has a dwave symmetry in momentum (k) space 5 . Its size evolves smoothly along the Fermi surface (FS) from zero at locations referred to as nodes to a large maximum ∆ at the 'antinodes' that puts the value of 2∆/k B T c in the strong coupling regime 6, 7 . In contrast, angle-resolved photoemission spectroscopy (ARPES) studies on optimally-hole-doped pnictide Ba 0.6 K 0.4 Fe 2 As 2 (T c = 37 K; labelled as OPD37K), have revealed isotropic gaps that have different values on different FSs [8] [9] [10] [11] , with strong pairing occurring on the quasi-(or nearly) nested FSs. The properties associated with the quasi-nested FSs have been described in a previous theoretical work 12 .
A remarkable resemblance between these two HTCS systems is the emergence of their SC domes from an antiferromagnetic (AF) phase 13, 14 when adding extra carriers (dopants), suggesting that AF fluctuations may have a role in the SC pairing mechanism. For this reason, much attention has been devoted in the past to underdoped (UD) cuprates. In addition to the SC gap, evidence for a large doping-dependent pseudogap (PG) above T c at the antinodes of UD cuprates has existed for some time 15, 16 . Nevertheless, debates on the interplay between superconductivity, antiferromagnetism and PG in cuprates are ongoing. Using the recently discovered pnictides, it is now possible to look into this fundamental issue from a different perspective. Unfortunately, there is no ARPES report on the UD region of hole-doped pnictides investigating the relationship between AF fluctuations and superconductivity. Thus, it is particularly important to conduct a comparison study of optimally doped (OPD) and UD pnictides to determine whether high-temperature superconductivity in cuprates and pnictides can possibly share the same mechanism.
Here we focus mainly on underdoped Ba 0.75 K 0.25 Fe 2 As 2 (T c = 26 K; labelled as UD26K). We observe that the SC gaps scale with T c in the underdoped regime, suggesting that the gap size is controlled by the pairing strength. In addition, we reveal the existence of a 18 meV pseudogap on a quasi-nested FS pocket that coexists in momentum with the SC gap at low temperature but survives up to T* = 115 K-125 K, temperature at which it completely fills in. Its band-selectivity strongly suggests an origin related to AF fluctuations. Moreover, the evolution of the spectral lineshape on underdoping indicates a dichotomy behaviour between unnested and quasi-nested FSs that shows striking similarities with the nodalantinodal dichotomy found in cuprates, and that is naturally explained in pnictides in terms of short-range AF scattering.
temperature (from 37 K to 26 K). Interestingly, the 2∆ values vary linearly with T c from moderate underdoping to optimal doping, as illustrated in Figure 1e . Thus, 
Pseudogap and interband scattering in underdoped pnictides
When looking at the raw spectra recorded above T c along the α FS of UD26K as shown in Figure 2a , we observe an additional feature around 18 meV with a clear k dependence: whereas a significant decrease of spectral weight below 18 meV is quite obvious in the spectrum recorded along the Γ-X direction (point no. 1), the spectral weight loss below 18 meV becomes negligible along the Γ-M direction (point no. 2). Unlike the SC gap, that feature survives in the normal state and hereafter we refer to it as a pseudogap. The temperature-dependence of the PG at point no. 1, given in Figure 2c , is similar to that of UD cuprates: it gradually fills up as temperature increases and eventually closes around T * = 115 -125 K, a temperature much higher than T c . This observation can be expressed in a more quantitative method using the temperature evolution of the spectral weight loss below 18 meV, which is displayed in Figure 2d . Because below T c it coexists with the SC gap at a different energy scale, the PG is likely to have an origin that differs from the pairing gap. In fact, the effect of this PG below T c can be mostly removed by dividing out a spectral function recorded slightly above T c (45 K), revealing a more pronounced SC coherence peak, as indicated in Figure   1a . However, it is important to stress that unlike the conventional gap-opening phenomenon, there is no long-range magnetic order observed in the UD Ba 0.75 K 0.25 Fe 2 As 2 samples above the SC transition [19] [20] [21] . Therefore, the observed PG does not appear to be associated with a phase transition at T*, which is most likely a crossover temperature scale. It is also worth noting that the coexistence of the PG and the SC gap in the same pnictide spectra is similar to recent observation of the coexistence of PG and SC gap at the antinodes of UD cuprates 22 .
To understand the origin of the PG, we recorded spectra along the β FS as well.
In contrast to our observation for the α FS, the spectra along the β FS are almost identical, with no sign of PG (see Figure 2e) . A natural way to explain the k dependence of the PG is to invoke (π, π) interband scattering. Indeed, NMR experiments have provided evidence that AF spin fluctuations appear when the holelike FS emerges at the Γ point in electron-doped pnictides, thus associating the AF fluctuations with (π, π) interband scattering 23, 24 . As shown in Figure 2f , where the electronlike FS contours centred at the M point are shifted by the (π, π)
wave vector to 'overlap' with the holelike FS contours centred at Γ, the β FS does not significantly overlap with the electronlike FSs. In contrast, we expect much stronger scattering between the α band and the M-centred electronlike bands, especially along the Γ-X direction. This is consistent with our observation of a well-developed 18 meV energy scale along the Γ-X direction for the α band of UD26K.
If (π, π) interband scattering is strong enough to induce a PG in UD pnictides, one expects the quasiparticle (QP) spectral weight to exhibit a similar FSdependence. In Figure 3a , we compare the spectra of UD26K and OPD37K for different FSs. Whereas the QP spectral weight for the β FS remains relatively constant with underdoping, a significant QP weight suppression occurs on the α and the electronlike FS sheets, which are quasi-nested by the (π, π) wave vector.
We can thus summarize our findings on UD pnictides by distinguishing two different behaviours on two types of FS sheets: i) quasi-nested FSs are accompanied by large SC gaps, the formation of a PG, and a strong QP spectral weight suppression on underdoping; ii) FSs that are not quasi-nested are accompanied by a smaller SC gap, the absence of PG, and a quite robust QP on underdoping. 
Discussion

Methods
Samples preparation
The high quality single crystals of Ba 0.75 K 0.25 Fe 2 As 2 used in our study were grown by the self-flux method. The T c of the sample has been estimated to be
K from magnetic susceptibility measurements, with a transition width of about 3 K (Supplementary Figure S1) . The nominal composition is consistent to the K content determined by energy-dispersive X-ray spectroscopy. Low-energy electron diffraction on a measured surface shows a sharp 1x1 patterns indicating that the sample surface has a fourfold symmetry without any detectable surface reconstruction down to 80 K.
ARPES experiments
High-resolution ARPES measurements were performed in the photoemission laboratory of Tohoku University using a high-flux microwave-driven Helium source (He Iα resonance line, hν = 21.218 eV) with an energy resolution of 3 meV, and a momentum resolution of 0.007Å -1 . We used a VG-SCIENTA ESE2002 spectrometer as detector. Samples were cleaved in situ at 10 K and measured at 5 -50 K in a working vacuum better than 5x10 -11 Torr (for the PG measurements, the temperature was increased up to 125 K and the vacuum remained better than 1x10 -10 Torr at 125 K). Some experiments were also performed at the Wadsworth beamline of Synchrotron Radiation Center with an energy resolution of 10 meV and a momentum resolution of 0.02 Å -1 . A VG-SCIENTA R4000 analyzer was used for synchrotron measurements. The mirrorlike sample surfaces were found to be stable without obvious degradation during measurement periods of 3 days (30 hours for synchrotron measurements). The
Fermi level of the samples was referenced to that of a gold film evaporated onto the sample holder. We observed that the SC gap closes around the bulk T c (see Figure 1 ), which suggests that the present ARPES results reflect the bulk properties. We have confirmed the reproducibility of the ARPES data on more than ten sample surfaces and through thermal cycles across T c . 
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We declare no competing financial interests. Tight-binding parameters (in the unit of eV) obtained from the following formula 34 : The magnetic susceptibility of UD26K indicates a critical temperature of 26 K, defined at the midpoint of the transition, and a transition width of about 3 K (from 10% to 90 %) as shown in Supplementary Figure S1 . Such a transition width is comparable to that of OPD37K samples.
Doping dependence of H c2
Since ARPES is a surface sensitive technique, it is important to compare the energy scale of the SC gap to that inferred from independent bulk measurements. For this purpose, we calculated the values of H c2 for various doping levels from the BCS relation using quantities obtained by ARPES. In the clean limit, H c2 is related to Δ by the BCS formula As compared to the optimally doped compound, the areas of the two holelike FSs centred at the Γ point shrink from ~4% and ~18% to ~4% and ~13% of the Brillouin zone (BZ), while the areas of the electronlike FSs centred at the M point increase from ~2% and ~4%
to ~2% and ~6% of the BZ, respectively. According to Luttinger's theorem and assuming a double degeneracy for the inner hole (α) FS 8, 11 , the implied hole concentrations are ~40%
and ~26% hole/2Fe for the OPD37K and UD26K samples, respectively, in good agreement with their K contents. We investigated further the properties of the SC gap by measuring its momentum (k)-dependence on the α and the β FS sheets. In Supplementary Figure S5 and Fig. 2e in the main text, we show symmetrised spectra below T c for 3 different locations on the α FS and the β FS. We find no significant variation of the SC gap size around both FSs (dashed
Superconducting gap symmetry in EDCs of
